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to be highly dep t on phosphate nutrition. Comparison with data obtai from conventiona analysis leads to the s that in heterogeneous tissues the ino phosphate concentatios of the cytoplasm may show greater variation than observed in the cytoplasm of simple plnt systems such as cell suspension and root tips.
Accurate measurements of Pi concentrations and its localization within leaves are important because of the role Pi plays in cytoplasmic and vacuolar pH control, stomatal activity, movement of pulvini, and carbohydrate partitioning (6, 7, 16, 18, 21) . In a recent paper, Outlaw et al., (18) presented a qualitative description of phosphate distribution within Vicia faba leaves, and showed, by x-ray microanalysis, that phosphorus is more abundant in guard and epidermal cells than mesophyll cells.
Histological staining and microsurgical separation of cell types, followed by enzyme specific assay, showed that phosphorus was present predominantly as Pi. In earlier work, low phosphorus contents of mesophyll cells of Atriplex (28) and Puccinellia (27) were recorded using x-ray microanalysis, even though phosphate was supplied at the relatively high concentrations of 1 and 2 mM, respectively. In um2). Regions of interest were defined for K and P and, in order to minimize the effect of surface topography on takeoff angle, data were expressed as peak to background ratios (P/B) (5).
Because of the possible variation in the water content of individual cells or cell components, the effect of different water contents in the frozen standards was assessed. A series of standards was prepared with water contents varying from 80 to 95%, and 10 to 15 spectra collected for each ion concentration at each water level. A careful study of these data revealed no consistent relationship between water content and P/B, and it therefore seems that graphite standards can provide a valid means of ion quantitation by x-ray microanalysis even if there is some variation in water content of cells and organelles.
Using P/B data, linear and polynomial functions were derived for both K and P to describe the relationship between the elemental concentration in the standard and P/B as the independent variables (Table I) . It was found, on the basis of comparison of correlation coefficients, Durbin-Watson statistics, and variance ratio test (23) , that a polynomial function described more precisely the relationship between P/B and concentration and also improved the limits of detection at relatively low concentrations of K and P. However, it is possible for overestimations to occur when concentrations are close to detection limits.
X-ray Microanalysis of Leaflets. The middle leaflets from the first pair of leaves were excised and cut longitudinally along the main vein. Two leaflet halves with the midvein attached were inserted into a 1.5 mm wide slot in a 1O mm diameter brass stub so that on either side of the slot both upper Inorganic Phosphate Estimation. Whole tissue Pi was estimated using a procedure adapted from several previously published methods (14, 19, 32) . Freeze dried material was chilled to -190°C and quickly ground, before adding 4 ml of cold (4°C) 5% TCA and allowing to stand for several minutes on ice. The plant material and extractant were then thoroughly dispersed using an Ultra-Turrax TP 10/20 homogenizer. The volume was made up to 20 ml with 100 mm sodium acetate, filtered, and an aliquot taken. To this was added 5 ml of molybdate/H2SO4 solution and 5 ml of SnCl2/HCl solution. After making up to 50 ml volume with distilled water, the optical density ofthe reduced phosphomolybdic acid was measured at 720 nm using a Turner model 330 spectrophotometer.
RESULTS AND DISCUSSION
Quantitation of x-ray microanalysis data from epidermal cell vacuoles in leaflets of Lupinus luteus showed that in the lower epidermis, concentrations of Pi were unaffected by phosphate nutrition while Pi in the upper epidermis was observed to have a peak concentration in excess of 100 mm in plants supplied with (Table III) and 58.0 mm (Table II) , respectively, then the Pi concentration in mesophyll cells can be calculated to be of the order of 10 mm. This estimate for mesophyll Pi concentration is close to that obtained for chloroplast Pi concentrations (12-15 mM) (12, 22) . However, it is higher than would be suggested by in vitro observations showing C02-dependent O2 evolution in isolated chloroplasts is inhibited by Pi concentrations above 0.1 mM (16, 24) . A concentration estimate by our microprobe analysis was not attempted because identification of subcellular compartments within the mesophyll was particularly difficult owing to the glassy surface of the fracture face. Since a substantial part ofthe cell volume may be occupied by cytoplasm (28), x-ray counts were considered to originate from a combination of cytoplasm, chloroplasts, and vacuoles. Hence. data for mesophyll cells are expressed as percentage phosphorus rather than concentration of Pi (Table IV) . They show a marked increase in phosphorus content with increasing phosphate supply. Although a certain proportion (at least one-quarter, cf Table  III ) of PT could be attributed to P., the data do indicate that Pi levels in the mesophyll are likely to increase with increasing phosphate supply. Several authors have reported that increasing phosphate supply alters carbohydrate partitioning (1, 8, 25, 26) and in vitro studies have shown that cytoplasmic Pi is directly involved in triose phosphate export from chloroplasts (9, 11, 15) .
Thus, a change in cytoplasmic Pi could alter the relative proportions ofcurrent assimilate being shunted into chloroplastic starch or cytoplasmic sugar phosphate. This, for instance, is evident in data obtained from whole leaves of Zea mays by Nieman and Clark (17) . In view of the above it does not seem unreasonable to suggest that the increased mesophyll cell phosphorus, observed in the present data, could reflect an increase in cytoplasmic Pi and P., as well as vacuolar Pi.
The data obtained in the present experiment would also suggest that conclusions reached on the basis of NMR studies of simple systems, such as cell suspensions (20) and root tips (13, 21) , may not reflect the situation in a more homogeneous tissue. The cited studies concluded that cytoplasmic Pi content is well regulated and that vacuolar Pi simply serves as buffer against deprivation. Data presented in this paper show that mesophyll phosphorus content is responsive to phosphate nutrition and suggest that both Pi and P0 in mesophyll cytoplasm respond to phosphate nutrition. Thus, a close adherence to the concept of tight control of cytoplasmic Pi, highlights the possible danger of generalizing from observations on simplified systems that do not take into account the heterogeneous nature of whole tissues. 
